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1 2308980 

AN PLECTRQSUROICAI. INSTRUMgt^T 

This invention relates to an electrosurgical instnunost for die treatment of tissue in the 
presence of an electrically conductive fluid medium, to electrosurgical apparatus 
3 including such an instrument, and to an electrode unit for use in such an instrument 

Endoscopic electrosurgwy is useful for treating tissue in cavities of the body, and is 
normally performed in Ae presence of a distension medium. When the distension 
medium is a liquid^ this is commonly Tt£tned to as underwater dectrosurgery, this term 
10 denoting dectrosnrgeiy in vMch living tissue is treated using an electrosurgical 
instrument with a treatment dectrode or electrodes immersed in liquid at the operation 
site. A gaseous medium is commonly employed vAitn endoscopic surgeiy is performed 
in a distensible body cavity of larger potential volume in which a liquid medium would 
be imsuitable, as is often the case in I^aroscopic or gastroenterological surgery. 

15 

Underwater surgery is commonly performed using endoscopic techniques, in which the 
endoscope itself may provide a conduit (commonly referred to as a working charmd) 
for die passage of an dectode. Alternatively, the endoscope may be spedfically 
adapted (as in a resectoscope) to include means for mounting an electrode, or the 

20 electrode may be introduced into a body cavity via a sq>ar8te access means at an angle 
with respect to the endoscope - a technique commonly referred to as triangulation. 
These variations in technique can be subdivided by surgical speciality, v^ere one or 
other of die techniques has particular advantages given the access route to die specific 
body cavity. Endoscopes with integral working channels, or diose characterised as 

2$ resectoscopes, are generally employed when die body cavity mvf be accessed dirough 
a natural opening - such as die cervical canal to access the endometrial cavity of the 
uterus, or die urethra to access the prostate gland and die bladder. Endoscopes 
specifically designed for use in the endometrial cavity are referred to as hysteroscopes, 
and those designed for use in the urinary tract include cystoscopes, urethroscopes and 

30 resectoscopes. The procedures of transurethal resection or vaporisation of die prostate 
gland are known as TURP and EVAP re^>ecdveiy. When diere is no natural body 
opening dirough which an endoscope may be passed, die technique of triangulation is 
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commonly employed. Triangulation is commonly used during underwater endoscopic 
surgery on joint cavities such as the knee and the shoulder. The endoscope used in 
these procedures is common^ referred to as an arthroscope. 

5 eectrosurgery is usually carried out using either a monopolar instrument or a bipolar 
instrument With monopolar clectrosurgery, an active electrode is used in the operating 
region, and a conductive return plate is secured to the patient's skin. With this 
arrangement, current passes from the active electrode through die patient's tissues to 
the external return plate. Since die patient represents a significant portion of the 

10 circuit, input power levels have to be high (typically 150 to 250 watts), to compensate 
for the resistive current limiting of the patient's tissues and, in die case of underwater 
electrosurgery. power losses due to the fluid medium which is rendered partially 
conductive by the presence of blood or other body fluids. Using high power with a 
. monopolar arrangement is also hazardous, due to the tissue healing that occurs at the 

15 remin plate, which can cause severe skin bums. TTiere is also die risk of capacitive 
coupling between the instrument and patient tissues at die entry point into the body 
cavity. 

With bipolar electrosurgery. a pair of electrodes (an active electrode and a return 
20 electrode) are used togedicr at the tissue application site. This arrmgcment has 
advantages fiom die safety standpoint, due to die relative proximity of the two 
electrodes so diat radio frequency currents are limited to die region between die 
electrodes. However, the depdi of effect is directly related to die distance between the 
two electrodes; and. in q>pUcations requiring very smaU electrodes, die inter-electrode 
25 spacing becomes very small, thereby limitirig tissue effect andoutputpow^^ Spacing 
die electrodes fimher apart would often obscure vision of die application site, and 
would require a modificadon in surgical technique to ensure correct contact of boUi 
electrodes with dssue. 

30 There are a number of variations to die basic design of die bipolar probe. For 
example. U.S. Patent Specification No. 4706667 describes one of die fundamentals of 
die design, namely diat die ratio of die contact areas of die return electrode and of die 
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active electrode is greater than 7:1 and smaller dian 20:1 for cutting purposes. This 
range relates only to cutting electrode configurations. When a bipolar instrument is 
used for desiccatira or coagulation, Ae ratio of fte contact areas of the two electrodes 
may be reduced to approximately 1:1 to avoid differential electrical stresses occiuring 
5 at the contact between tissue and Ae electrodes. 

The electrical junction between die return dectrode and tissue can be supported by 
wetting of Ibt tissue by a conductive solution such as normal saline. This ensures that 
the surgical effect is limited to the needle or active' dectrode, with the electric circuit 

10 between tibe two electrodes being completed by the tissue. One of Ae obvious 
limitations with the design is diat the needle must be completely buried in die tissue 
to aiable die return dectrode to complete die circuit Another problem is one of the 
orientaticm: even a rdativdy small diange in q)plication angle from die ideal 
perpendicular contact with reflect to die tissue surface, will diange the cratact area 

IS ratio, so that a surgical effect can occur in die tissue in contact with the return 
electrode. 

Cavity distensicm provides space for gaining access to die op^ation site, to improve 
visualisation, and to dtow for manipulation of instruments. In low volume body 
20 cavities, particularty where it is desirable to distend die cavity under higher pressure, 
liquid radier than gas is more commonly used due to better c^cal diaracterisdcs, and 
because it washes blood away from the q;>erative site. 

Conventional underwater electrosurgeiy has been performed using a non-conductive 
25 liquid (such as 1.5% gfydne) as an irrigsnt, or as a distension medium to eliminate 
dectrical conduction losses. Glycine is used in isotonic ccmcentrations to prevent 
osmotic changes in die blood when intra-vascnlar absorption occurs. In die course of 
an operation, veins may be severed, with resultant tnfusicHi of the liquid into the 
circulation, vAiidh could cause, among other things, a dilution of serum sodium which 
30 can lead to a conditicm known as water intoxication. 
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The applicants have found that it is possible to use a conductive liquid medium* such 
as normal saline, in underwater endoscopic electrosurgery in place of non*conductive, 
electrolyte-free solutions. Normal saline is the preferred distension medium in 
underwater endoscopic surgery ^en electrosurgery is not contenq)lated, or a 
S non-electrical tissue effect such as laser treatment is being used. Although normal 
saline (0.9%wAr; lSOmmol/1) has an electrical conductivity somevAat greater than that 
of most body tissue, it has tfie advantage tiiat displacement by absorption or 
extravasation from &e operative site produces little physiological effect, and the 
so-called water intoxicati<m effects of non-conductive, electrolyte-free solutions are 
10 avoided 

Carbcm dioxide is ibt prefmed gaseous distension medium, primarily because of its 
non-toxic nature and high water solubility. 

IS In endoscopic procedures in vAddk die distension medium is a gas, die applicants have 
found diat it is possible to use an dectrically-conducdve gas (sudi as argon) in place 
of carbon dioxide. Argon is condwtive when exd^ into a discharge state, and has 
been employed in boA endoscopic and conventional monopolar electrosurgery as a 
method of increasing the distance between die tissue ^d die instrument, by providing 

20 a conductive path between the two vdien high voltage electrosurgical ouputs such as 
sprzy or fulgurate are being used Ihe high voltages used in this ^[^lication result in 
a very low penetradon of the electrosurgical effect into die tissue, making the technique 
only suitable to control bleeding firom multiple small blood vessels. This allows the 
surgeon to stanch bleeding from multiple sites in a surgical wound using a rapid 

2S "painting" technique, radier dian applying electrosurgery to eadi individual bleeding 
site. The argon gas is delivered through a hollow surgical instrument, and passes over 
the monopolar electrode exposed at die tip of the instrument as a stream. This 
produces a region at the operative site >^ch is rich in argon, and vAiidi contributes 
to die distension of die body cavity. High voltage monopolar electrosurgical outputs 

3P are undesirable in endoscopic surgery, because of the risks of damaging structures 
outside the field of vision, by either capacitive or direct coupling to a portion of the 
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instrument remote from the operative site often outside the field of vision of the 
operator. 

The applicants have developed a bipolar instnunent suitable for underwater 
5 electrosurgexy using a conductive liquid or gaseous medium. This electrosurgical 
instrument for the treatment of tissue in die presence of a fluid medium, comprises an 
instrument body having a handpiece and an instrument shaft and an electrode assembly » 
at one end of die shaft The dectrode assembly comprises a tissue treatment electrode 
which is exposed at the extreme distal end of the instrument, and a return electrode 

10 A^ch is electrically insulated from die tissue treatment electrode and has a fluid 
contact surface qpaced proximally from ibt exposed part of die tissue treatment 
electrode. In use of die instrument, the tissue treatment electrode is qn>lied io the 
tissue to be treated vMlst die return electrode, bemg q>aced proximally from die 
exposed part of die tissue treatment electrode, is nonnally spaced from die tissue and 

IS serves to coiiq>lele an dectrosurgical current loop from the tissue treatment electrode 
through die tissue and die fluid me^um. This dectrosurgical instrument is described 
in the specification of di^ sq>plicants* co-pending Briti^ Patent Application No. 
9512889.8. 

20 Tbe dectrode structure of this instrument, in combination widi an electrically 
conductive fluid medium largely avoids the problems experienced with monopolar or 
bipolar electrosurgeiy. In particular, input power levels are much lower dian those 
generally necessary widi a monopolar anrangement (^icdly 100 vratts). Moreover, 
because of die relatively large spacing between its dectrodes, an improved depdi of 

25 effect is obtained compared widi conventional bipolar arrangement 

The aim of die invention is to provide an improved dectrosurgical instrument of this 
type. 

30 The present invention provides an electrosurgical instrument for the treatment of tissue 
in the presence of an dectricdly-conductive fluid medium, the instrument comprising 
an instnunent diaft, and an dectrode assmbly at one end of die shaft, die dectrode 
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assembly comprising a tissue treatment electrode and a return electrode which is 
electrically insulated from the tissue treatment electrode by means of an insulation 
member, the tissue treatment electrode being exposed at the distal end portion of the 
instrument, and the return electrode having a fluid contact surface spaced proximally 
5 from die exposed end of the tissue treatment electrode by die insulation member, 
lAdierein the exposed end of die tissue treatment electrode is constituted by a plurality 
of tissue treatment filamentaiy members made of an electricalfy-conductive material, 
die filamentary members being electrically connected to a common electrical supply 
conductor. 

10 

The return electrode is spaced from die tissue treatmnt electrode so that, in use, it 
does not contact the tissue to be treated, and so that tfie electrical circuit is always 
completed by die conducdve fluid, and not simply by ardng between the electrodes. 
Indeed, the arrangement is such that arcing between die adjacent parts of die electrode 
15 assembly is avoided, diereby ensuring diat die tissue treatment electrode can become 
envelq>ed in a vapour pocket so diat tissue entering the vqx>ur pocket becomes the 
preferred padi for current to flow back to the return electrode via die conductive fluid. 

The electrosurgical instrument of the invoition is useful for dissection, resection, 
20 v^risaticm, desiccaticm and conation of tissue and combinadons of diese functions 
with particular qipUcabon in hysteroscopic surgical procedures. Hysteroscopic 
operative procedures may include: removal of submucosal fibroids, polyps and 
malignant neoplasms; resection of congenital utmne anomalys such as septum or 
subseptum; division of synechiae (adhesiolysis); ablation of diseased or hypertrophic 
25 endometrial tissue; and haemostasis. " 

The instrument of die invention is also useful for dissecdon, resection, vaporisation, 
desiccation and coagulation of tissue and combinations of diese functions v/itfi 
particular application in arthroscopic surgery as it pertains to endoscopic and 
30 percutaneous procedures performed on joints of die bo<fy including, but not limited to, 
such techniques as diey ^ply to die spine and odier non*synoviaI joints. Ardiroscopic 
operative procedures may include: partial or complete meniscectomy of die knee joint 
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including meniscal cystectomy; lateral retinacular release of the knee joint; removal of 
anterior and posterior cruciate ligaments or remnants thereof; labral tear resection, 
acromioplasly» bursectomy and subacromial decompression of the shoulder joint; 
anterior release of fte temperomandibular joint; synovectomy » cartilage debridement, 
5 chondn>plasty> division of intra-articular adhesions^ fracture and tendon debridement 
as applied to any of the synovial joints of fte body; inducing thermal dirinkage of joint 
aq>sules as a treatment for recurrent dislocation, subluxation or repetitive stress injury 
to any articulated joint of die bociy; disectomy ddier m the treatment of disc prolpase 
or as part of a ^inal fusion via a posterior or anterior ^proach to tfie cervical, thoracic 
10 and lumbar q>ine or any other fibrots joint for similar purposes; excision of diseased 
tissue; and haemostasis. 

The faistrument of the invention is also useful for dissection, resection, vaporisation, 
desiccaticm and coagulation of tissue and combinations of diese functions with 

1 S particular ^plication in urological endoscopic (ureduoscc^, cystoscopy, ureteroscopy 
and nqduoscc^) and percutaneous surgeiy. Urological procedures mi^ include: 
eIectro-vq)orisati(m of die prostate gland (EVAP) and other variants of the procedure 
conmionly referred to as transuredual resection of die prostate (TURP) including, but 
not limited to, interstitial ablation of die prostate gland by a percutaneous or perurethral 

20 route vdiedier performed for benign or malignant disease; transurediral or percutaneous 
resection of urinary tract tumoius asdi^ may arise as primary or seccmdary neoplasms 
and fiirdier as Aey may arise anyv^ere in die urological tract from the calyces of the 
kidney to die external urediral meatus; division of strictures as diey may arise at die 
pelviureteric juncticm (PUJ), ureter, ureteral orifice, bladder neck or uredira; correction 

2S of ureterocoele; shrinkage of bladder (hverticular; cy stoplasty procediu^es as diey pertain 
to conections of voiding dysfuncdcm; diermally induced shrinkage of pelvic floor as 
a corrective treatment for bladder neck descent; excision of diseased tissue; and 
haemostasis. 

30 Surgical procedures using the instrument of the invention include introduing the 
electrode assembly to the surgical ate dirough an artificial conduit (a cannula), or 
through a natural conduit which may be in an anatomical body cavity or space or one 
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created surgically. Tlie cavity or space may be distended during die procedure using 
a fluid or may be natundly held open by anatomical structures. He surgical site may 
be bathed in a continuous flow of conductive fluid such as saline solution to fill and 
distend the cavity. Tht procedures may bclude simultaneous viewing of the site via 
5 an endoscope or using an indirect visualisation means. 

la a preferred embodiment, a plurality of separate, individual filaments constitute the 
filamentaiy members. Advantageously, die filaments each have a length lying witi,in 
the range of from 0.5 mm to 5 mm. m which case the instrument is used for tissue 
10 removal by vaporisatioit Preferably, the filaments each have a diameter lying within 
die range of from 0.05 mm to 0.3 mm. 

Alternatively, a single coiled filament constitutes the filamentary members. Ae coils 
of fte filament constituting die filamentaiy members 
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Preferably, the filamentary members extend longhudimilly from the extreme distal end 
of the inslrmnent Alternatively, the filamentaiy members extend laterally dirough a 
cutout formed m a side surfiice of the insulation member adjacent to the distal end 
Aereof Conveniendy. the retmn electrode is formed wid» a hood-like extension which 
20 extends over die suifiice of die insulation member which is opposite the cut-out. 

In anodier preferred embodiment, die filamentary members are mounted witiib die 
insulation member m such a mamier diat diey are axiaUy movable relative to die 
insulation member between a first operating position, in which diey extend partially 
25 from die insulation member, and a second operating position, in which diey extend 
fiilly from the insulation member. In flus case, die instrmnent can be used for tissue 
removal by vaporisation when die filaments are in die first operating position, and for 
desiccation when die filaments are in die second operating position. 

30 Advantageously, die common electrical supply conductor is . central conductor. Ae 
insulation member surrounding die central conductor. 



The filamentaiy members be made from a precious metal sudi as platinum or 
from a platinum alloy sudi as platinum^ridium, platinumAungsten or platinum/cobalt 
The filamentary members could also be made of tungsten. The insulation member may 
be made of a ceramic material, silicone rubber or glass. 

5 

Where die filamentary monbers are sq>arate individual filaments, tiiey m^ each have 
a lengdi lying widiin die range of fiom S nun to 10 mm. In this case, they m^ be 
made of staiiUess steel. 

10 In yet anodier preferred onbodiment, dieinsuhtim member is formed wiA at least one 
wing, die or each wing extending distally from die insulation member to project 
beyond die tissue treatment dectrodeL Preferably, die insulation member is formed 
widi a pair of diametrical]y-<q;q)osed wings. 

15 The invention also imyvides an electrode unit for an electrosurgical instrument for die 
treatment oi ttssae in die presence of an electrically-conductive fluid medium, die 
electrode unit comprising a shaft having at one end means for connection to an 
instrument handpiece, and, mounted on die odier end of die shaft, an electrode 
assembly comprismg a tissue treatment electrode and a return electrode which is 

20 electrically insulated from die tissue treatment electrode by means of an insulation 
member, die tissue treatment electrode bdng eq>osed at die distal end portion of die 
instrument, and die renim electrode having a fluid contact surface spaced proximally 
from die eqiosed end of die tissue treatment electrode by die insulation member, 
vt^erdn die exposed end of die tissue treatment electrode is constituted by a plurality 

25 of tissue treatment filamentary members made of an electrically^onductive material, 
die filamentary members being electrically connected to a common electrical supply 
conductor. 

The invention furdier provides electrosurgical t^iparatus comprising a radio frequency 
30 generator and an electrosurgical instrument for die treatment of tissue in die presence 
of an electrically-conductive fluid medium, die instrument comprising an instrument 
shaft, and >n electrode assembly at one end of die shaft, die electrode assembly 
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comprising a tissue treatment electrode and a return electrode which is electrically 
insulated from die tissue treatment electrode by means of an insulation member, the 
tissue treatment electrode bemg exposed at die distal end portion of the instrument, the 
return electrode having a fluid contact surface spaced proximally from the exposed end 
5 of Ae tissue treatment electrode by the insulation member, and the radio frequency 
generator having a bipolar output connected to the electrodes, wherein the exposed end 
of die tissue treatment electrode is constituted by a plurality of dssue treatment 
filamentary members made of an electrically-conductive material, the filamentary 
members being electrically connected to the radio frequency generator by a common 
10 electric suj^ly conductor 

Advantageously, die radio frequou^ generator includes omtrol means for varying die 
output power delivered to die electrodes, die control means being such as to provide 
output power in first and second ouq>ut ranges, die first ou4>ut range being for 
15 powering die dectrosurgical instrument for tissue dessication, and die second output 
range bdng for powering die dectrosurgical instrument for dssue removal by 
vaporisation. Preferably, die first ouq>ut range is from about 150 volts to 200 volts, 
and die second output range is from about 250 volts to 600 volts, die voltage being 
peak voltages. 

20 

The invention will now be described in greater detail, by way of example widi 
reference to the drawings, in which> 

Figure 1 is a diagranunatic side elevation of an electrode assembly at a distal end of 
25 a first foim of electrode unit constructed inTaccordande with ffieinventioh; 

Figure 2 is a graph illustrating die hysteresis \Aich exists between die use of the 
electrode unit of Figure 1 in desiccating and vaporising modes; 



30 



Figure 3a is a diagrammatic side elevation of die fim electrode unit, showing die 
of such a unit for tissue removal by vaporisation; 



n 

Figure 3b is a diagranunatic side elevation of the fiist electrode unit, showing the use 
of such a unit for tissue desiccatioo; 

Figures 4a to 4c are diagrammatic side devalions of the electrode assembly of a second 
form of electrode unit constructed in accordance with die invention; 

Figures 5a and 5c are diagrammatic ade devations of die electrode assembly of a third 
form of electrode unit constructed in accordance witfi die uvmtion; 

Figures 6a and 6b are diagrammatic side devati<»s of the electrode assembly of a 
fourA form of electrode unit cmstructed in accordance witii the mventions; 

Figures 7a and 7b as diagrammatic side elevations of a fifft form of electrode unit 
constructed in accordance widi the invention; 

Figure 8 is a diagrammatic side elevation of a sixth form of electrode unit constructed 
in accordance widi the invention; 



20 



Figure 9 is a cross-section taken on die line A-A of Figure 8; 

Figure 10 is a diagrammactic side elevations of a seventh form of electrode unit 
constructed in accordance widt die inventimi; 



Figures 1 la to 1 Id are diagrammatic side elevadons of further forms of electrode unit 
25* constructed in accordaiice widi die invention; and 

Figure 12 is a diagram showing an dectrosurgical apparatus constructed in accordance 
with die invention. 



30 Eadi of die dectrode units described bdow is intended to be used widi a conductive 
distension medium sudi as nomul saline, and each unit has a dud>dectrode structure, 
widi die conductive medium acting as a conductor between die tissue bdng treated and 
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one of the electrodes^ herdnafter called the return electrode. The other electrode is 
^plied directly to the tissue, and is hereinafter called the tissue treatment (active) 
electrode. In many cases, 4e use of a liquid distension medium is preferable, as it 
prevents excessive electrode temperatures in most circtmistances, and largely eliminates 
S tissue sticking. 

Referring to the drawings. Figure 12 ^ows electrosurgical q)paratus including a 
generator 1 having an ou^ut socket 2 providing a radio frequency (RF) output for an 
instrument in the form of m handpiece 3 via a connection cord 4. Activation of the 

10 generator 1 may be performed from die hand|piece 3 via a control connection in the 
cord 4, or by means of a footswitch unit 5, as shown, connected separately to the rear 
of the generator 1 by a footswitch connecticm cord 6. In Ae illustrated embodiment, 
Ae footswitch unit 5 has two footswitches 5a and 5b for selecting a desiccation mode 
and a yaporisaticm mode of the generator 1 req>ectively. The generator front panel has 

15 pudi bttttcms 7a and 7b for respectively setting desiccation and. vq)orisation power 
levels, which are indicated in a display 8. Push buttons 9a are provided as an 
alternative means for selecticm between the desiccation and v^risation modes* 

The handpiece 3 mounts a detachable electrode unit E, such as die dectrode units El 
20 to El 1 to be described below. 

Figure 1 shows die first form of electrode unit £1 for detachable fastening to the 
electrosurgical instrument hanc^iece 3, die electrode unit comprising a shaft 10, which 
is constituted by a semi-flexible tube made of stainless steel or phynox electroplated 
25 in copper or gold, widi ah dectrode assraibly 12 at a distal md diereof At th^T odier 
end (not shown) of the shaft 10, means arc provided for connecting die electrode unit 
El to a handpiece bodi medianically and dectrically. 

The RF generator 1 (not diown in Figure 1) ddivers an dectro-surgical current to the 
30 dectrode assembly 12. The generator indudes means for varying die ddivered output 
power to suit different dectrosurgical requirements. The generates may be as described 
in the spedfication of our co-pending Briddi Patent >^lication 9512888.0. 
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The electrode assembly 12 indudes a central, tissue treatment (active) electrode 14 in 
the form of a brush electrode. The active electrode 14 is connected to the generator 
1 via an integral central conductor 14a and a central copper conductor (not shown) 
positioned within the handpiece of the instrument The brush electrode 14 is 
5 constituted by a plurality of filaments of tungsten, the filaments having diameters lying 
in the range from 0.05mm to 0.3mm. A tapered ceramic insulation sleeve 16 surrounds 
the cimductor 14a. A return electrode 18, which is constituted by the distal end portion 
of the shaft 10, abuts die proximal end of the sleeve 16. An outer insulating coating 
20 surrounds the proximal portion of the shaft adjacent to the return electrode 1 8. The 
10 coating 20 would be polyviiiyUdeae fluoride, a polyimide. polytetrafiioroetfiylene, a 
• potyolefin. a polyester or ediylene tetrafiuMoedi^ene: 

By varying the output of the generator 1. the electrode unit El of Figure 1 can be used 
for tissue removal by v^risatioo. or for desiccation. Figure 2 illustrates how the RF 

15 generator 1 can be controUed to take advantage of the hysteresis which exists between 
the desiccatioa and the vaporising modes of die electrode unit El. Thus, assuming the 
electrode assembly 12 of the unit El is immersed m a conductive medium such as 
saline, there is an initial impedance V at point "O". the magnitude of which is defined 
by the geometry of the electrode assembly and the electrical conductivity of the fluid 

20 medium. The value of V wfll change when the active electrode 14 contacts tissue, 
the higher the value of "r- die greater the propensity of the electrode assembly 12 to 
enter the vaporisation mode. When RF power is applied to the electrode assembly 12 
the fluid medium heats up. Assuming die fluid medium is normal saline (0.9% w/v). 
die temperature coefficient of die fluid medium is positive, so that the corresponding 

25 impedance coeffiddit ii negative, thus, i ^iw«r is appUed. the impedance initid^ 
faUs and continues to fall with increasing power to point "B". at which point die saline 
in intimate contact with die electrode assembly 12 reaches boiling point Small vapour 
bubbles form on die surface of die acdve electrode 14 and die impedance dien starts 
to rise. After pomt "B", as power is increased fimher. die positive power coefficient 

30 of impedance is dominant, so diat increasing power now brings about increasing 
impedance. 
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As a vapour pockel forms torn the v^ur bubbles^ diere is an increase in the power 
density at the residual electrode/saline interface. There is, however, an exposed area 
of die active electrode 14 not covered by vapour bubbles, and this further stresses the 
interface, producing more vapour hubbies and thus even higher power density/ This 
5 is a run-away condition, with an equilibrium point only occurring once the electrode 
is completely enveloped in vzpom. For given set of variables, there is a power 
threshold before this new equilibrium can be reached (point "C"). 

The region of the graph between tbe points "B" and "C". Aereforc, represents the upper 

10 limit of iht desiccation moda Once in tfie vaporisation equilibrium state, the 
impedance n^idly increases to around 1000 ohms, wi& ±t absolute value depending 
on Ac system variables. The vq[>our pocket is tiien sustained by discharges across the 
v^ur pocket between the active electrode 14 and the viqpour/saline interface. The 
majority of power disstpatim occurs wiftin this pocket, with consequent heating of the 

15 active electrode 14. Ibe amount of energy dissipatipn, and the size of Ae pocket, 
depends on die output voltage If this is too low, die pocket will not be sustained, and 
if it is ^ high die dectrode assembly 12 will be destroyed Thus, in order to prevent 
destruction of die electrode assembly 12, die poww output of die generator 1 must be 
reduced <mce die impedance has reached die point "D". It should be noted diat. if die 

20 power is not reduced at diis point, die power^mpedancc curve will omtinue to climb 
and electrode destruction would occur. The dotted line E indicates die power Jevcl 
above wAich electrode destnicdcm is inevitable. As die power is reduced, the 
impedance falls undl, at pomt "A", die v^ur pocket collq>ses and die electrode 
assembly 12 reverts to die desiccation mode. At dus point, power dissipation widiin 

25 die v^ur pocket is insufficient to sustain it. so dmt direct c<mtact between die active 
electrode 14 and die saline is re-established, and die impedance falls dramatically. The 
power density at die active electrode 14 also falls, so diat die tcnqwature of die saline 
fells below boiling pomt Hie electrode assemMy 12 is dien in a stable desiccation 
mode. Widi die generator described in die specification of our co-pending British 

30 patent application 9604770.9. die output is 350 to 550 volts peak for die vaporisation 
mode, and about 170 vohs peak for the desiccation mode. 
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It will be apparent itM Ae electrode unit El of Figure 1 can be used for desiccation 
by operating the unit in the region of the gr^h bctweai tbe point "0" and a point in 
the region between the points "B" and "C*. In 4is case, the electrode assembly 12 
would be introduced into a selected (^ration site wift die active electrode 14 adjacent 
5 to the tissue to be treated, and with die tissue, die active electrode and the return 
electrode is immersed in die saline. The RF genwator 1 would dien be activated (and 
cyclically controlled as described m die specificadcm of our co-pending British patent 
application 9604770.9 to 5iq>ply sufficient power to die electrode assemby 12 to 
maintain die saline adjacent to the active electrode 14 at. or just below» its boiling 

10 point widiout creating a vq>our pocket surrounding die active tip. The electrode 
assembly would dien be manipulated to cause heating and dessication of the tissue in 
a required r^on aiQacent to die active electrode 14. Tbe electrode unit £1 can be 
used for vaporisation in die r^on of die graph between die point "D* and die dotted 
line F vMdi constitutes the level below -widdx v^risation cannot occur. The upper 

15 part of diis curve is used fw tissue removal by viqx>risation. It should also be 
appreciated dial die dectrode unit Bl could be used for cutting tissue. In the cutting 
mode, die electrode unit £1 still operates widi a vq>our pocket, but fliis pocket is much 
smaller dian dua used for vaporisaticm, so diat diere is die least amount of tissue 
damage commttisurate widi cutting. Typically, die generator operates at about 270 

20 volts peak for cutting. 

The temperature generated at die active electrode 14 is of die order of 1500*C in die 
v^risation mode, so diat the active electrode is made of a material diat can widistand 
such high temperatures. Preferably, die active dectrode 14 is made of tungsten, 
25 platinum or a platinum alloy (such as platinumAridium or platinum/tungsten) for 
fabrication of diis mmber. 

Figure 3a illustrates schmiatically die use of die dectrode unit El of Figure 1 for 
tissue removal by vaporisation. Thus, die dectrode unit El creates a suffidentiy high 
30 energy density at die active dectrode 14 to vaporise tissue 22. and to create a vapour 
pocket 24 surrounding die active electrode. The formation of die vapour pocket 24 
creates about a 10-fold increase m contact impedance, widi a consequent increase in 
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output voltage. Arcs 26 are created in the vapour pocket 24 to complete the circuit to 
the retum electrode 18. Tissue 22 which contacts die vapour pocket 24 will represent 
a padi of least electrical resistance to complete die circuit The closer die tissue 22 
comes to die active electrode 14. die more energy is concentrated to die tissue, to die 
5 extent diat die cells explode as diey are struck by die arcs 26. because die retum pad, 
through die connective fluid (saline in tiiis case) is blocked by die high impedance 
barrier of die vapour pocket 24. TTie saline solution also ads to dissolve die solid 
products of vi^risatim. 

10. Figure 3b iUustnites scfaematicaUy die use of die electrode unit El for tissue 
desiccation. In die desiccadon mode, output power is delivered to die electrode 
assembly 12 in a first output range, so diat current flows fiom die active electrode 14 
. to become heated, preferably to a point at or near die boiling point of die saline 

solution. TTiis creates smaU vapour bubbles on die surface ofdie active electrode 14 
15 diat increases die impedance about die active dectrode. 

nie body tissue 22 typically has a lower impedance dian die impedance of die 
combination of vapour bubbles and saline solution a^'acent to die active electrode 14. 
When die active electrode 14 surrounded by small vapour bubbles and saline solution 
20 is brought into contact widi die tissue 22. die tissue becomes part of die preferred 
electrical current padi. Accordingly, die preferred current padi goes out of die active 
electrode 1 4 at die point of tissue contact, dirough die tissue 22. and dien back to die 
retum electrode 18 via die saline solution, as shown by die current padi lines 28 in 
Figure 3b. 

25 

The invention has particular application in dessicating tissue. For tissue desiccating, 
one preferred approach is to contact only part of die active electiode 14 to die tissue 
22. widi die lemamder of die active electrode remaining remote from die tissue and 
surrounded by saline solution, so dutt current can pass from die active electrode to the 
30 return electrode 18 via die saline solution. widK,ut passing dirough die tissue For 
example, in die embodiment showin in Figure 3b. only die distal portion of die active 
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electrode 14 contacts Ae tissue 22. with tiie proximal portion remaining spaced 
from the tissue. 



The inventiM can achieve desiccaticm wiA no or minimal charring of the tissue 22. 

5 When the active electrode 14 contacts the tissue 22. cunent passes through the tissue, 
causing die tissue at. and around, die contact point to desiccate. The area and volume 
of desiccaated tissue 30 expands generally radially outwardly from die point of contact. 
As die tissue 22 is desiccated, it loses its conductivity. As die area and volume of 
desiccated tissue 30 grows, a point is reached where die conductivity of die tissue is 

0 less dian die condncdvi^ of die heated saline scdution surrounding die active electrode 
14. 



the current wifl prefer to follow die least-inq>edance padi. Accordingly, as die 
impedance of die tissue 22 increases (due to desiccation) to a point where it approaches 

15 or exceeds die iiqiedance of die combination of vapour bubbles and saline solution 
surrounding die active electrode 14, die preferred electrical current padi will shift to 
a new padi duou^ die vapow bubbles and saline solution. Accordingly, once a large 
enough portion of tissue is desiccated, most (or substantially all) die current flow 
necessarily shifts to pass direcdy from die active electrode 14 into die saline solution. 

20 Before die tissue 22 becomes charred or scorched, die increased impedance of die 
desiccated tissue 30 causes most of die current to follow die padi dirough die saline 
solution. No current, or a very small amount of current, will ccmtinue to pass dirough 
die desiccated tissue, and charring will be prevented 



In die embodiment shown in Figure 3b. die eiqiosed. stranded portion of die active 
electrode 14 allows parts of die active electrode to contact die tissue surface, while still 
maintaining most of die active electrode exposed portion out of contact widi die tissue. 
Because most of die exposed portion of die active electrode 14 is out of contact widi 
die tissue 22. die current padi wiH more easily shifk. upon desiccation of a sufficient 
tissue volume, from die padi dirough die tissue to a padi diat goes direcdy from the 
active electrode to die saline soluti(»i. 
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When tbe electrode unit El is m the desiccation mode, the flexibility of the brush 
electrode 14 offers considerable advantages when working with small diameter 
electrodes in irregular body cavities in which large areas of tissue require desiccation. 
From a technical standpoint, the ren«m:active ratio is variable from > 1:1 in the 
5 -closed- form to < 1:1 in the "splayed" form. This variability of the retumractive ratio 
is explained in greater detail below wiA reference to Figures 4a to 4c. 

Figure 4 shows the second form of electrode unit E2 whose electrode assembly 32 
includes an active electrode 34 which is constituted by a plurality of filaments made 

10 of a conductive material such as stainless steel. TTie filaments of the brush electrode 
34 are much longer (10mm as compared with Smm) than the filaments of the brush 
electrode 14. as die electrode unit E2 is intended primarily for desiccation. In this 
embodimem, tbe retum:active ratio is variable from > 2:1 in the "closed" form to < 1 . 1 
in the -splayed- form. Tie electrode assembly 32 also includes a ceramic insulation 

15 sleeve 36. a return electrode 38 and an outer insulating sheath 40. The active electrode 
34 is a brush electrode whose tip is flexible to provide a reproducible tissue effect 
which is substantially independent of the appUcation angle of the electrode widi respect 
to tbe surfoce of the tissue T (see Figure 4c). Hius, die flexibility of the active 
electrode 34 results in differential contact areas of die active electrode dependent on 

20 the appUed pressure. For example. Figure 4a shows the brush electrode 34 "closed" 
during the appUcation of light pressure, and Figure 4b shows the brush "spU^cd- by 
firm tissue pressure. This enables die creation of a broader surgical effect than die 
diameter of die electrode 34 would odierwise allow, diereby reducing treatment time. 
Figures 4a to 4c also show die return pafli P for die current flow from the active 

25 electrode 34 to die renun electrode 38 via die conductive medium. 

This large variation in die retumractive ratio is a feature which cannot be supported by 
conventional bipolar designs. This variation in ratio can occur because die conductive 
padi to complete die electrical circuit is maintained by die low impedance of die 
30 electrode contact wi|h die conductive fluid operating medium. In order to sustain tfie 
low impedance transfer of RF energy to die tissues, die RF generator must be 
controlled in such a way diat vapour pockets cannot form at die interface between die 
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active electrode and the tissue. This aUows die tissue contact to be continually wetted 
by die conductive fluid so dial, whilst die tissue water is removed by thermal 
desiccation, die impedance reaches an upper limit determined by a point just below a 
voltage direshold above which vapour pockets will start to form. This, combined with 
dJe greater insulation separation between die active and return electrodes, enables this 
type of electrode unit to deliver much higher powers effectively to the tissue for a 
given electrode dimensicm dian any known electrode unit 



Figures 5a and 5b show die durd form of electrode unit E3. TTiis unit E3 is a 
10 "wdification of the electrode unit E2, and its electrode assembly 42 ind^^ 

electrode 44 which is constituted by plurality of filaments made of stainless steel. TTie 
active electrode 44 is, dierefore. a brush electrode and die filaments of diis electrode 
are of a similar lengdi to die filaments of die brush electrode 32. ITie electrode unit 
B3 is, dierefore, intended primarily fbr desiccation. TTie electrode assembly 42 also 
15 includes a cet^c insulation sleeve 46, a return electrode 48 and an outer insulating 
sheadi50. "Hie insntation sleeve 46 is made of a ceramic material and. like die 
insuhttion sleeve 16 of die electrode unit Bl, it tapers towards die distal end of die 
electrode assembly 42. Figure 5a shows die electrode unit E3 in a non-operational 
position, and Figure 5b shows die unit in desiccating mode against tissue T 

20 

Figures 6a and 6b show a fourdi form of electrode unit E4 whose electrode assembly 
52 mdudes an extensible active electrode 54 in die form of a brush electrode. The 
filaments of die brush electrode 54 are made of tungsten, platinum, platinum/tungsten 
or platinumfiridium. The decbode unit E4 dso indudes a ceramic msulation sleeve 56. 

25 a return dectrode 58, and an insulating sfaeadi 70. As shown in Figure 6a. die active 
dectrode 54 can be witiidrawn substantidly widiin die insdation sleeve 56 so diat only 
die free end portions of its filaments are exposed. Widi die active dectrode 54 in diis 
position, die dectrode unit E4 can be used to vaporise tissue in die manner described 
dK>ve widi rrference to Figure 3. On die odier hand, if die active dectrode 54 is 

30 extended (see Figure 6b). so dut its filaments extend fully from die distd end of Ae 
sleeve 56. die dectrode unit E4 can be used for desiccation. TTie ratio of die contact 
areas of die remm to active dectrodes of die unit E4 can. dierefore. be varied between 
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the fully r^racted active electrode position (in ^diich die ratio is high and die unit is 
used for vaporisation), and die ectended position (in which die ratio is low and die unit 
is used for desiccation). The unit E4 achieves its dual functionality by varying die 
extent by ^ch the filaments of the active electrode 54 are extended Dual 
5 functi(Miality could also be adiieved by varying axial sq)aration between die active 
electrode 54 and die return dectrode 58 (for example by varying die loigdi of die 
insulation sleeve 56). Widi a large extension of the filaments of die active electrode 
54 or with a large axial electrode separation, a large electric field is created, so diat 
more tissue is a£fected. Widi no extension of the filaments of die active electrode 54 
10 or witii a reduced dectrode separation, a smaller electric field is produced, and is used 
for cutting or vaporisaticm in drcumstances vAert no collateral diermal damage to 
tissue is desirable. The larger electric fidd pattern is desirable for desiccation, or in 
circumstances vAttt die desiccation of collateral tissue is desirable to prevent 
haemorrhage from a cut surface* 

15 

Depending upon the ratio of die renimractive dectrode area, dierefore, die brush 
electrode of die invention can have a dessication functi(m (as exemplified by die 
embodiments of Figures 4 and 5), a vaporisation function (as exemplified by die 
embodiment of Figure 3). or a dual desiccation/vq?orisation function (as exemplified 
20 by die embodiment of Figure 6). 

As indicated above, the primary use for die desiccating brush is in providing a flexible, 
broad area dectrode for desiccati n g large irregular areas of tissue. The requirement to 
treat such areas occurs in hystm>scopic surgeiy - desiccation of die oidometrid lining 
25 of die uterus, and in urologicd surgeiy - desiccation and dirinkage of bladder 
diverticular. In both instances, the dectrode is introduced through die working channel 
of die endoscope. 

Introduction of die desiccating brush widi a long and flexible, filamentous structure can 
30 prove problonaticd when the working channd of die endoscope is angled or includes 
steps in the inner bore. This can deform die bruA filaments vAnch, once inserted, 
cannot be adjusted and may not c(Miform to die area of tissue to be treated. Bending 
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back of the filaments may also inadvertently create an electrical short to 4e return 
electrode. 

Whilst preserving die desired functions of flexibility and contact area geometry 
5 dependent on Ac pressure of applicaticm. die basic desiccating brush can be modified 
to overcome diis problem. For example, die brush filaments can be simply twisted 
togedier. Preferably, however, die filaments are welded togctfier at dieir distal ends as 
shown in Figure 7 vfhidi shows a fifft form of electrode unit E5. The electrode unit 
E5 mcludes an acdve electrode 64 in die form of a brush electrode v»*ose filaments are 

10 made of platinum, pladnum/tungsten or platinum/iridium. The distal ends 64a of the 
filaments are wdded togedier as shown in Figure 7a. This prevents distortion of die 
filaments in die working diannel of an endoscope, whilst permitdng bowing of die 
filaments (as shown in Figure 7b) to increase tissue cratact area. The electrode unit 
ES includes a ceramic insulation sleeve 66, a return electrode 6S and an outer 

1 S insulating sleeve 70. 

In die dual function brudi electrode, die retumzacdve electrode area can be elevated to 
a level which is cq)able of producing tissue v4)orisation. Obviously, wiA a very small 
active electrode area at the extreme of diis range, the amount of tissue which can be 

20 desiccated becomes too small to be practically usefid. If, however, die ratio is 
configured in die mid-range, dien die same electrode can be used to produce both 
effective desiccation and tissue removal by vaporisation. The short brush described in 
Figure 1 is one example of sudi a dual purpose electrode. Given diat die filaments 
cannot be fabricated in stainless steel to si^port vaporisation, tungsten filaments are 

25 die preferred material in the short brush due to dieir rigidity overcoming the issues of 
distortion during introducticm. Platinum alloys widistand die high vaporisation 
temperatures better dian tungsten but, due to dieir fiexibilily and die annealing process 
during use, cannot be used in die diort brush form. Platinum alloy dual-function 
brii^-type electrodes, dierefore, require die modifications of twisting, braiding, or 

30 welding of die distal tips to prevent distortion. 
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These combined multi-functioniil brush electrode forms are particularly useful in 
removing tumour masses or polyps encountered during hysteroscopic and urologicaJ 
surgery. Hiey can vq>orise the tumour bulk, incise the stalks of polyps, and desiccate 
any bleeding vessels or the base of the tumour vathout the need to change electrodes. 

5 

In these multi-functional forms, the active electrode area is maximised for desiccation 
whilst stiU being capable of vaporisation or cutting functions. ITie minimum ratio 
depends on four impoitant critera, namely: 

10 1. Hie intrinsic impedance of die target tissue. 

2. The volume of die body cavity. 

3. The configuration of die active electrode. 

IS 

4. The maximum ou4>ut power from die RF generator. 

The configuration of the active electrode obviously influences the ratio, with cylindrical 
forms representing die lowest ratio for a given lengdi, but die oflicr factors relate to die 
20 inability of die electrode to retain a vapour bubble. The filaments of die brush-type 
electrodes retain vapour bubbles, which helps maintain die vaporisatioD condition. 

An ardiroscope electrode may be characterised as short (100-140mm), rigid widi a 
working diameter up to 4mm. It can be introduced dirough a stab incision into a joint 

2S cavity (witii or widiout a camiula) using die" triangulatioii technique. Whai an 
ardiroscope includes a brush electrode of die type described above, it is operated witi, 
a motion which commonly moves die brush electrode between die 9 o'clock and 3 
o'clock positions on die ardiroscopic image. As a result, die tissue to be treated is 
commonly approached at a shaUow working angle widi respect to die axis of the 

30 elertrode. TT»e electrode for artiioscopy dins needs to have an effect consistent with 
diis angled approach 1o die tissue. The dssue to be treated, such as meniscal cartilage, 
is commonly dense and of a high electrical impedance, such tissue having a free edge 
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rq>res«)ting a common injury site where treatment is required. The drawback of 
known aitfiroscope electrodes which are solid form electrodes is tiiat, because the joint 
spaces are commonly small (the joint spaces in the knee being ^ically 60-100 mis 
under fluid distendonX die vapour bubbles generated are large and tend to cause 
S problems witfi visualisaliorL 

Figure 8 diows an artfiroscope electrode unit E6 oxistnicted in accordance with the 
invention. The electrode unit E6 includes an active electrode 74 wfaidi is constituted 
by a plurality of filaments made of tungsten or an alloy of tungsten or platinum. The 

10 active 0>n2^) electrode 74 is connected to an RF generator (not diown) via a central 
copper conductor (also not diown). A ceramic insulation sleeve 76 surrounds the 
caitral conductor, the filaments 74a of the brush electrode passing along the insulation 
sleeve and extending laterally dierefirom duough a cut-out 76a A return electrode 78, 
\^ch is constituted try fte distal end of the instrument diafi» surrounds die proximal 

IS end of die sleeve 76. An outer insulating coating 80 («4iidi would be polyvinylidene 
fluoride, a polytmide, polytetrafluoroediylene, a polyolefin, a polyester or ethylene 
tetrafluoFoefliylene) surrounds die proximal portion of die shaft adjacent to die return 
electrode 78. The return dectrode 78 is formed widi a hood*like extension 78a which 
extends over die surface of die sleeve 76 vMdh is opposite to the cut-out 76a. The 

20 electrode unit £6 can, dius, provide nupdminn tissue engagement for shallow working 
angle iqpplications, and is known as a side-effect electrode. 

Because of die higher impedance of die target tissue, die ardiroscopic multi-function 
brush electrode should support a lower ratio dian electrodes dedgned for hysteroscopic 

25 and uirological iqpplicadons where die tissue is more va Reducing the ratio does» 
however, have one drawback in body cavities of small volume, such as die knee joint 
vAdA is typically 60^0 mis, and that is heating of die surrounded irrigant or 
distension fluid. Heating occurs primarily during die applicati(m of power to reach die 
vaporisation direshold. Once the direAoId has been reached, the power requirement 

30 typically falls by 30-50%. Reducing the electrode ratio increases the power 
requirement to reach the dirediold so that, despite die hi£^ impedance of the target 
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tissue, it is undesirable to reduce the ratio to the lowest value capable of supporting 
vaporisation. 

In addition, the high impedance is due to lack of vascularity of such tissues as m(i.iscal 
5 cartilage. Except, therefore, when muscle or synovial tissue is being treated, the 
primary function of die athroscopic bnish electrode is that it should provide rapid 
debulldng of dense, avascular tissue. Desiccate functionaUty is not a requirement of 
such an instrument Indeed, very short rigid brush electrodes with electrode ratios 
greater than 5:1 are desirable. The only reason for not elevating the ratio further is the 
10 need to engage the maximum amount of tissue and simultaneously reduce procedure 
time. 



A short, rigid brush electrode (of the type described above with reference to Figure I 
or Figure 6a) can be thought of as an end^ect electrode which has tissue debulking 
15 precision with miniinal thermal spread Consequently, it can be used to cr^^ 

holes in tissue, thereby to create an access chamiel to tissue deep to the surface, as may 
be required as part of an interstitial abUtion technique on a tissue mass such as a 
prostate adenoma or a uterine fibroid (myolysis). This use of a vaporising, end-effect, 
technique enables only the fibroid to be removed by complete debulking leaving a 

20 resection margin conformmg to the -false capsule- of the fibroid. No normal tissue is 
removed and. due to control of coUateral thermal effects at the endometrial resection 
margin, the scarring is reduced to a minimum, thereby increasing what chances there 
were of restoring fertility. Additionally, of course, vaporisation does not produce 
resection drippings to interfere with visualisation and prolong Ae procedure through 

25 the need to wash them out oncle the resection is completed. Conventional loop 
electrode resectoscopes require removal of normal tissue surrounding such fibroids, and 
this is disadvantageous because it mcreases the chance of bleedmg. the risk of uterine 
perforation and Aescarringof the uterus. This latter aspect is particulariy undesirable 
when the procedure is bemg performed in an attempt to restore fertility 

30 

Alternatively, a short, rigid bnisfa electrode can be used to debulk a tumour (such as 
a fibroid, a bladder tumour or a prostate adenoma), or it can be used with the multiple 
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puncture or drilling technique. In this case» after removmg the intrauterine portion, the 
intramural portion can be treated by creating ("drilling") a series of holes into the 
abnormal tissue wfaeAer, for example, this is a fibroid or prostatic adenoma. To assess 
the depth of penetrati<Hi» marks may be provided on Ae electrode ^aft at measured 

S distances from the tip, and hence to compare the dq>di of penetration against the pre- 
operative results of tests performed to establish size of die tumour or adoioma. The 
residual tissue bridges will shrink as part of tiie healing process. Whilst not removing 
the v^ole tumour, diis technique is safm^ and quicker dian removing the entire fibroid 
or prostatic adenoma, vAxen treatment is being performed either for menorrfaagia or 

10 bladder outflow obstructi(m, respectively; 

Anodier problem widi working in die confined space of a joint cavity is in preventing 
damage to acyacent structures, particularly when the vaporising effect is enhanced, and 
bodi die tissue denaty mid application an^e make engagment and location difficult 
IS This protection feature is intrinsic in die side-efiTect brush of Rgure S, when the 
insulation sleeve 76 protects tissue above, below and bdiind the active electrode 
window 76a wfaidi only occq)ies a small arc of die cross-sectional form (as shown in 
Figure 9). 

20 Figure 10 diows die electrode assembly of the sevendi form of dectrode unit £7. This 
electrode assembly includes a central, tissue treatment (active) electrode constituted by 
a plurality of filaments made of tungsten or an alloy of tungsten or platinum, a tapered 
ceramic insulation sleeve 86, a return electrode 88, and an outer insulating sleeve 90. 
The insulation sleeve 86 is formed widi a pair of diametrically-opposed, fonvardly* 

25 extending wings 86a project beyond ^e active electrode 84. The filaments 
CMistituting the active electrode 86 extend only a short distance fiom the distal end of 
die insulation sleeve 86, tfaerd)y ccmstituting a very short brush electrode. The 
electrode unit E7 has, dierefore, a large retumractive electrode ratio, so diat diis 
electrode unit is intended primarily for a tissue removal by vq)orisation. The electrode 

30 unit £7 is particularly useful for electrosurgical operations on meniscal cartilage or any 
other elongate laminate structure which is to be treated from die side, as die wings 86a 
can be used to trap die cartilage against the active electrode 84. The configuration of 
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the wings S6a also assists in prevcmting unnecessaiy exposure of the active electrode 
84, which may otherwise damage adjacent structures when working in the conHned 
spaces commonly encountered in endoscopic surgery. 

5 Figures 1 la to 1 Id show eighth, ninth, tenth and eleventh forms of electrode unit E8 
to Ell, each of which incorporates an active electrode in the form of a coiled spring 
filament 94. The electrode units E8 to Ell each includes an insulation sleeve 96, a 
return electrode 98 and an insulating sheath 100. The electrode unit E8 of Figure I la 
is sinular to that of Figure 5a, bebg intended primarily for desiccation; and the 

10 electrode unit E9of Figure lib is similar to that of Figure 1, being intended primarily 
for vaporisation. The electrode unit ElO of Figure I Ic is similar to that of Figures 8 
and 9, in that the coU electrode 94 is formed in a cut-out 96a formed Ae side of dte 
insulation sleeve 96. and the return electrode 98 is formed with a hood-like extension 
98a which extends over the surface of the sleeve 96 which is opposite to die cut-out 

15 96a. The electrode unit ElO can. thus, provide maximum tissue engagement for 
diallow working angle qiplications, and is ano&er form of side-effect electrode. The 
electrode unit Ell of Figure 1 Id is similar to that of Figure 10, in that the insulation 
sleeve 96 is formed with a pair of diametrically-oppesed. forwardly-extending wings 
96b. In each of these embodiments, the active electrode 94 is made of an alloy of 

20 pladnum. 

The electrode units E8 to El 1 are similar to die brush-type electrodes of Figures 1 to 
10. and have similar surgical effects, apart from die fact that they eliminate the risk of 
splaying (which is advantageous in certain electro-surgical procedures). They have. 
25 however, die advantage of simplifying the assembly procedure, particularly when using 
platinum aU<^ materials. 

It will be apparent diat modificatioD could be made to the electiosurgical instruments 
described above. For example, die insuhttion sleeves 16. 36. 46. 56. 66. 76, 86 and 96 
30 could be made of a sUicone rubber (such as a silicone polyurediene). glass, a polyimide 
or a thomoplastics material. 
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CLAIMS 



1 . An electrosurgical instrumoit for die treatment of tissue in the presence of an 
electrically-conductive fluid medium, the instrument comprising an instrument shaft, 
5 and an electrode assembly at one end of die shaft, die electrode assembly comprising 
a tissue treatment electrode and a return dectrode vMch is electrically insulated from 
the tissue treatment electrode by means of an insulaticm member, the tissue treatment 
dectrode being exposed at the distal end portion of the instniment, and die return 
dectrode having a fluid contact surface spaced proximally from the exposed end of the 
10 tissue treatment dectrode by die insulation member, vrfierdn the exposed end of the 
tissue treatment dectrode is CMStttuted by a plurality of tissue treatment filamentary 
members made of an dectricaUy-conductive materid, the filamentary members being 
, dectrically ccmnected to a common dectricd supply conductor. 

15 2. An dectrosurgicd instrument as daimed in daim 1, vrfierdn a plurality of 
separate, indtvidud filaments constitute die filamentary members. 

3. An dectrosurgicd instrument as daimed in claim 2, wherdn the filaments each 
have a lengdi lying widiin die range of from 0. 5 mm to S mm. 

20 

4. An dectrosurgicd instrument as daimed in daim 2 or daim 3, wherein die 
filaments each have a diameter tymg widiin die range of firom 0.05 mm to 03 mm. 

5. An dectrosurgicd instrument as daimed in claim 1, v^erein a single coiled 
25 filament constitutes the filammtary members, the coils of the filament constituting the 

filamentary members. 

6' An electrosurgicd instrummt as ddmed in any one of claims 1 to 5, wherein 
the filamentary members extend longitudindly from die extreme distd end of the 
30 instrumofit 
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7. An dectrosurgical instrument as claimed in any one of claims 1 to 5, wherein 
the filamentary members extend laterally through a cut-out formed in a side surface of 
the insulation member adjacent to &e distal end thereof. 

5 8. An dectrosurgical instrument as daimed in daim 7, wherein the return 
electrode is formed with a hood-like extension which extends over the surface of the 
insulation member ^ch is opposite the cut-out 

9. An dectrosurgical instrmnent as daimed in any one of daims 1 to 6, wherein 
10 the fUamentary members are mounted widiin die insdati<m member in such a manner 
that tiiey are axidly movable relative to the insdation member between a first 
operating po^on, in ^ch tiiey extend partidly from the insulation member, and a 
second operating position* in ^ch diey extend idly firom the insdation member. 

15 10. An dectrosurgtcd instrument as daimed m any one of daims 1 to 6, v^^erein 
Ae insdation member is formed widi at least one wing» the or each wing extending 
distdly from die insdation member to project beyond die tissue treatment electrode. 

11. An dectrosurgicd instrument as daimed in claim 10, wherein the insulation 
20 member is formed with a pair of diametrially-opposed wings. 

12. An dectrosurgicd instrument as daimed in any one of ddms 1 to 1 1, wherein 
the common electricd supply conductor is a centrd ccmductor. the insdation member 
surrounding the centrd conductor. 



25 



13. An dectrosurgicd instrument as claimed in any one of ddms 1 to 12» v^erein 
the filamentary members are made of a predous metd such as platinum. 
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14. An dectrosurgicd instrument as ddmed in any one of ddms 1 to 12. wherdn 
the filamentary members are made of a platinum dloy such as platinum/indium^ 
platinumAungsten or platinum/cobdt 
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15. An electrosurgical instrument as claimed in any one of claims 1 to 12, wiiercin 
die filamentary members are made of tungsten. 

16. An electrosurgical instrument as claimed in claim 2, wdierein tbe filaments each 
S have a length lying widiin die range of from 5mm to 10mm. 

17. An electrosurgical instrument as daimed in claim 16, wherein the filaments are 
made of stainless steel. 

10 18. An electrosurgical instrument as daimed in any one of daims 1 to M, wherein 
die insulaticm member is made of a ceramic material. 

19; An dectrosurgjcal instrument as daimed in any one of daims 1 to 1 8, wherein 
die insuladon member is made of silicone rubber. 

15 

20. Ari dectrode unit for an dectrosurgical instrument for die treatment of tissue 
in die presence of an dectricaUy-craductive fluid medium* die electrode unit 
compri^g a shaft having at one end means for connecdcm to an instrument handpiece, 
and, mounted on die odier end of die diaft, an dectrode assembly comprising a tissue 

20 treatment dectrode and a return dectrode which is dectricdiy insulated from die tissue 
treatment dectrode by means of an insulation member, die tissue treatment dectrode 
being exposed at the distd end portion of the instrument, and die return dectrode 
having a fluid contact surface spaced proxirodly from die e?qx>sed ^d of the tissue 
treatment dectrode by the insuladon member, wherdn die exposed end of the tissue 

25 treatment electrode is constituted by a plurdily of tissue treatment filamentary members 
made of an dectrically-conductive materid, the filamentary members bdng dectricdiy 
connected to a common electricd supply conductor. 

21. Electrosurgicd a^^aratus comprising a radio frequency generator and an 
30 electrosurgicd instrument for the treatment of tissue in the pressure of an dectricdly- 
conductive fluid medium, die instrument comprising an instrument shaft, and an 
dectrode assemUy at one end of the shaft, the dectrode assembly comprising a tissue 
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trcalment electrode and a return electrode wbicfa is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatment electrode 
being exposed at the distal end portion of the instrument, the return electrode having 
a fluid contact surface spaced proximally from die exposed end of the tissue treatment 
5 electrode by die insulation member, and die radio frequency generator having a bipolar 
output comiected to die electrodes, wherein die exposed end of die tissue treatment 
electrode is constituted by a pluraUty of tissue treatment filamentary members made 
of an electrically-conductive material, die filamentary members being electrically 
connected to die radio firequency generator by a common electric supply conductor 

10 

22. Apparatus as claimed in daim 21. wbeiem die radio frequency generator 
includes control means for varying die output power deUvered to die electrodes. 

23. Apparatus as claimed in daim 22, wherein die control means is sudi as to 
* ^ P"^*^ °«P"» PO'*' in fest and second output ranges, die first ou4>ut range being for 

powering die electrosnrglcal instrument for tissue dessication. and die second output 
range bang for powering die dectrosurgieal instrument for tissue removal by 
valorisation. 

20 24. Apparatus as daimed in daim 23. wherdn die first output range is from about 
150 volts to 200 volts, and die second output range is from about 250 vohs to 600 
volts, die voltage being peak voltages. 
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